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ABSTRACT 


Magmetic tape recordings, made in 1980 and 1981 by 
previous investigators using sonobuoys, of acoustic ambient 
noise in the south-eastern parts of Monterey Bay for various 
stations under various surf conditions, were analyzed. A 
computer program was developed and used with sonobuoy cali- 
bration data to correct “raw-data" to absolute sound pressure 
levels. The variation of omnidirectional levels with range 
from the heach as a function of surf condition was investiga- 
ted over a frequency range of 10-2500 Hz. Discussions of 
methods used during data-taking and analysis, the computer 
program itself, and typical data for certain surf conditions 
are reported. Some tentative conclusions are drawn from the 
results and presented. Comparison of one-third octave band 
levels indicate that the highest low-frequency levels exist 
for “heavy” surf conditions, especially for the band at 5C0 
Hz, with levels decreasing in strength with increasing range 
from shore. These results are consistent with conclusions 
reached by the earlier investigators that significant contri- 


butions to ambient noise are made by sources in tne surf zone. 





ih. 


TABLE OF CONTENTS 


INTRODUCTION - nr rr rrr rete 9 
EXPERIMENTAL APPARATUS AND PROCEDURE 3------------ i 
A. ACOUSTIC SENSORS 7-23-22 err re nr nn ne en io 
BRB. EXPERIMENTAL PROCEDURE DURING DATA 

COLLECTION rer erent err rr rr rrr rrr nr 14 
ee aArPRRIMENTAL PROCEDURE DURING DATA 

ANALYSIS --e mee en rn ra rrr rrr arn Ly 
D. COMPUTER PROGRAM DISCUSSION 3-77-2277 -------- ZL 
meee onoe Of DATA AND DISCUSSION OF RESULTS ------ Ze 
fei COMPUTER PROGKAM =--—--—------------=--- 67 
Peeetotxk Bb: COMPUTER PROGRAM EXPLANATION=-------- iS 
oe © Fee ee NO ie i ee = = = = 19 
eer ees oe ON iis l= === === — == == === -----= ol 





ete. 


eT . 


iV. 


bast OF TABLES 


SONOBUOY STATION DATA ---------~----~--------------- 29 


HP-3582A SPECTRUM ANALYZER - SINGLE CHANNEL 
ANALYSIS AND HANNING PASSBAND WINDOW - 
PARAMETERS/SPECIFICATIONS ------------------------ 30 


COMPUTER PROGRAM ATTENUATION AND GAIN VALUES BY 
TAPE RECORDER CHANNEL AND ANALYZER SCALE --------- Sal 


DEEP WATER WAVE, SURF, AND WIND SPEED MEASUREMENTS 
AND COMPARISON ---------~----~-----~---------~------ B02 


AVERAGE ONE-THIRD OCTAVE BAND LEVELS 
(IN dB re Ll micro Pa) AND OVERALL BAND LEVELS 
(OBL) - FOR THE 2.5 kHz ANALYZER SCALE ~------------ 33 





fist eon FLGURES 


Sonobuoy Station Locations ------------------~----- 34 


Hypical Sound Speed Profile for 


22 May 80 Near Station 4 ------------------------- oo 
Typical Sound Speed Profile for 

27 Mar 81 Near Station E ------------------------- a6 
Typical Sound Speed Profile for 

2 Apr 81 Near Station F -------------------------- a4 
Typical Sound Speed Profile for 

2 Apr 81 Near Station D -------------------------- 38 
Equipment Setup for Data Analysis ---------------- 52 
Hydrophone Sensitivity Curve Used in 

Computer Program -------- 9-9 on rn 40 
Computer Program Flow Diagram -------------------- 41 


Ambient Noise Data at 1245 on 21 May 80 at 
Station 2 (2.5 kHz Scale) - Low Surf Conditions--- 42 


Ambient Noise Data at 1245 on 21 May 80 at Station 
2 (1.0 kHz Scale) - Low Surf Conditions ---------- 43 


Ambient Noise Data at 1245 on 21 May 80 at Station 
3 (2.5 kHz Scale)- Low Surf Conditions ----------- 44 


Ambient Noise Data at 1245 on 21 May 80 at Station 
4 (2.5 kHz Scale) - Low Surf Conditions ---------- 45 


Ambient Noise Data at 2100 on 16 Apr 81 at Station 
E (2.5 KHz Scale) - Low Surf Conditions ---------- 46 


Ambient Noise Data at 2100 on 16 Apr 8l at 
Station E (1.0 kHz Scale)- Low Surf Conditions---- 4/7 


Ambient Noise Data at 2100 on 16 Apr 81 at Station 
D (2.5 kHz Scale) - Low Surf Conditions ---------- 48 


Ambient Noise Data at 2226 on 22 May 38:0 at Station 
2 (2.5 kHz Scale) - Moderate Suri Conditions------ 49 


Ambient Noise Data at 2226 on 22 May 30 at Station 
2 (1.0 kHz Scale) - Moderate Surf Conditions------ 50 





Bel 1 


Sey 4 


Be l.6 


B19 


Ambient Noise Data at 2226 on 22 May 80 at Station 
3 (2.5 kHz Secale) - Moderate Surf Conditions------ A 


Ambient Noise Data at 2226 on 22 May 80 at Station 
4 (2.5 kHz Scale) - Moderate Surf Conditions------ 52 


Ambient Noise Data at 1841 on 27 Mar 81 at Station 


E (2.5 kHz Scale) - Heavy Surf Conditions -------- oy! 
Ambient Noise Data at 1841 on 27 Mar 81 at Station 

D (2.5 kHz Scale) - Heavy Surf Conditions -------- 54 
Ambient Noise Data at 1841 on 27 Mar 81 at Station 

D (1.0 kHz Scale) - Heavy Surf Conditions -------- SD 
Ambient Noise Data at 1841 on 27 Mar 81 at Station 

F (2.5 kHz Scale) - Heavy Surf Conditions -------- 56 
Graph of Band Levels for Same Center Frequencies 
Versus Range for Low Surf Conditions (1980) ------ 57 
Graph of Band Levels for Same Center Frequency 
Versus Range for Low Surf Conditions (1981) ------ 58 
Seeaon OL Band Levels for Same Center Frequency 

Versus Range for Moderate Surf Conditions -------- Se 
Graph of Band Levels for Same Center Frequency 

Versus Range for Heavy Surf Conditions ----------- 60 
Graph of Band Levels for Various Surf Conditions 
Versus Range for 125 Hz Band -------<------------- pb 
Graph of Band Levels for Various Surf Conditions 
Saeco cance nem 250 Hz sand ———-—-—-——————————————=— 62 
Graph of Band Levels for Various Surf Conditions 
aaa noncgemaers 500 H2 Band ====- >= + -—<----=->--- be 
Graph of Band Levels for Various Surf Conditions 
aime aigcmeoren LOO HZesang -——-—--=——-———————-———-—— o4 
Graph of Band Levels for Various Surf Conditions 
aoe semen 2000 12 sand -=]-—--—-===—=—={—-——— Go 
Graph of Overall Band Levels for Various Surf 
Conditions (From 2.5 kHz Scale) Versus Range ----- 66 





fen LNER@DUCTION 


Ambient acoustic noise in the ocean arises from many 
Meme@ees, SUCh as wind, waves, ship traffic, biological 
organisms, thermal and hydrodynamic effects, rain, and 
seismic phenomena. Wenz [Ref. 1] has reported results 
mueenvestigations to determine the most probable origin 
of observed noise. Referring to wind-related noise sources 
fmeereically, Wenz states that "... shallow-water levels ... 
are in general about 5 dB higher than the corresponding 
deep-water levels ... at the same frequency and wind speed," 
Urick [Ref. 2] reports that the shallow-water ambient noise 
at a given frequency "... is a mixture of three different 
types of noise: (1) shipping and industrial noise, (2) wind 


mee, and (3) biological noise," where at "... a particular 
time and place, the mix of these sources will determine the 

noise level ...," which is variable with respect to time 

and location. However, Arase and Arase [Ref. 3] report that 
",..- in shallow water, the noise between 20 and 400 HZ may 

also be wind dependent ...," where the cross-correlation of 
the noise levels to wind speeds (basec on a scale from one, 


Pertect correlation, to zero, no correlation) is sub- 
Meam@tial and about equal .. at 500 H2 ..." for shallow and 
deep water. They state that "... despite many measurements 


of wind-dependent noise, the mechanism by which the noise is 


LO 





generated remains unexplained since there are so many 
concurrent effects which could be contributing." 

One source in the category of “wind-related" noise in 
shallow water that must be considered is the breaking of 
waves on a beach. Very few studies have been conducted to 
report measurements of ambient noise levels due to the 
contributions made by the surf. Penhallow and Dietz [Ref. 4] 
conducted experiments to correlate waveheight with wind 
Speed at a frequency of 630 Hz, reporting that "... wind 
Speed is a more Significant variable than wave height under 
Peemsient conditions in determining the SPSL..." (sound 


pressure spectrum level.) However, "... waveheight is as 
good an indication of SPSL at 630 cps as wind speed for 
relatively steady winds." Expanding this type of investi- 
gation to a broader frequency range, Wilson, Wolf, and 
Ingenito [Ref. 5-7] conducted research in Monterey Bay, 
Meiecornia in 1980 and 1981 to "... make at least a pre- 
liminary measurement to determine whether surf-generated 
noises ought to be included in ambient noise models." 
Meeeemardi |Ref. 8], working with Wilson, et al., in 1981, 
attempted to find a preferred horizontal directionality to 
the ambient noise. The observations made during their 
combined research [Ref. 7] were that an "... anisotropy in 
the horizontal directionality of the low-frequency ambient 


‘ : LD : 
noise in the shallow waters of Monterey Bay ... does exist, 


Mm@ere ohne results lead to a conclusion that "... the breaking 





of waves does contribute significantly to the shallow water 
ambient noise.” 

This work used the raw data that was recorded on magnetic 
tape during the Wilson, et. al. [Refs. 5-7] and Gagliardi 
[Ref. 8] experiments to further investigate surf contributions 
to the shallow-water ambient noise in Monterey Bay. The ex- 
periments were conducted in May of 1980 and March to September 
of 1981, and used "on line" spectrum analysis techniques for 
the data to formulate conclusions. The omnidirectional hydro- 
phone outputs from the acoustic sensors used for data taking 
were not corrected for system response, so spectrum plots 
were not reduced to absolute levels. This was the first 
major objective of this thesis - to develop and use a 
computer program that would correct "raw spectrum data" to 
absolute levels. Kinsler, Frey, Coppens and Sanders [Ref. 9] 
gives a general formula to calculate a "smoothed" spectrum 


level (<SPL> for a given bandwidth ("Af") as 


ag)’ 


<SPL> = SPL-10 log Af (1) 


AE 
where "SPL" is the sound pressure level (dB re 1 micro Pa). 

Once these absolute spectrum levels were obtained, the 
Variation of the omnidirectional levels with range from the 
Seach as a function of surf condition could be investigatedcd. 
This would be done by comparing certain band levels of 


Spectra made at the same time, but at different ranges, using 


mie formula given by Kinsler, et al. [Ref. 9] as: 





IL. , 
(eeehoeieg () 10 °°"), (2) 
ie 


where "IL," are the individual band levels for the "I" bands, 
and "IL' is the overall band level. 

The following pages describe the methods used during data 
taking by Wilson, et al. [Refs. 5-7] and Gagliardi [Ref. 8] 
and follow-on data analysis, discussion of the computer pro- 
gram used to obtain absolute spectrum levels, some typical 
data for certain surf conditions, and analysis of the data 
Pemmoetunction of range during different surf conditions. 

This thesis presents information that would contribute to 
and support further research and study of ambient noise due 
to surf in shallow water regions. Comments on the values 
obtained from these results and tentative conclusions/ 


indications are drawn from the results and presented. 


Sy 





it eae een oni APPARATUS AND PROCEDURE 


PeeeecOUSTIC SENSORS 

The raw data were taken during the experiments in 
Monterey Bay using U.S. Navy directional lofar (DIFAR) 
sonobuoys, model AN/SSQ-53A. This type of buoy has a 
radio frequency transmitter for relaying the signals from 
a hydrophone package which consists of an omnidirectional 
hydrophone; two crossed, horizontally-disposed pressure- 
gradient or particle-velocity sensors; a magnetic compass; 
a data transmission system where receiving equipment can 
separately resolve the omnidirectional sound pressure and 
the North-South and East-West components of the sound wave; 
and the capability to have an operator steer one of the 
cosine receiving patterns from the horizontal gradient 
sensors, relative to the earth's horizontal magnetic field 
direction, by adjusting che phase shift in one of the sub- 
carriers of the signal. 

The operating frequency range for these sonobuoys is 
from about 10 Hz to 2500 Hz, with a low frequency roll-off 
of about -6 dB per octave in sensitivity below about one kHz 
designed into the system. 

The hydrophone packages were set to deploy at depths of 
28.0 m where water depths would allow. To ensure that the 


package would not hit bottom, some Duoys were modified 


x3 





to reduce hydrophone depth. Data taken in August and 
September of 1981 were done with modified buoy cables 
where the hydrophone was at a depth of 30.5 or 61.0 m. 

The normal buoy life is four hours, and to prevent buoy 
drift during this time, they were tethered to an anchored 
float. To determine whether spurious noise was introduced 
using this method, comparison tests of the spectra from 
anchored and nearby free-floating buoys were made which 


showed that the tethering did not cause spurious noise. 


B. EXPERIMENTAL PROCEDURE DURING DATA COLLECTION 

The eastern part of Monterey Bay was used for data 
taking because of its accessibility and varying surf 
conditions. The shoreline of the southeastern part of 
the bay is relatively straight for a distance of about 20 
Km, approximately on a magnetic north-south heading. Data 
taking was done off the beach at Fort Ord, California, 
where the bathymetry is relatively uniform perpendicular 
to shore out to a range of 15 Km, where the depth is about 
200 m. The depth increases rapidly further seaward in the 
Monterey submarine canyon, reaching 1500 m at a range of 
about 19 Km. The beaches at Fort Ord are characterized by 
Bascom [Ref. 10] as steep, with a predominant swell from 
the northwest, and with prevailing winds coming from the 
west to northwestern direction. Swell wave energy is 
somewhat focused due to the geometry of the Day, resulting 


in wave heights appreaching the beach being approximately 


14 





ten percent greater than those measured at the entrance 
to the bay. 

The anchoring systems and the sonobuoys were set in 
place by the R/V ACANIA, a 126-foot vessel operated by 
the Naval Postgraduate School to conduct oceanographic 
instruction and research. Station locations are indicated 
meeeagure 2.1 and listed in Table I. 

Water temperature data obtained from mechanical bathy- 
thermographs taken in the vicinity of different sonobuoy 
stations indicate a mixed layer depth of about 10 m in 
spring and about 20 m during summer months. Typical sound 
speed profiles are shown in Figure 2.2 through 2.5, which 
indicate location of the sample and type of surf conditions. 
Data were taken with hydrophones below the mixed layer depth 
for the most part, except at stations nearest the shore. 

Wind speeds were obtained from anemometers on the R/V 
ACANIA and on a bluff above the Fort Ord beach during the 
May 1980 experiment, while records from the U.S. Weather 
Service were used for the 1981 experiments. Surf conditions 
were determined by the data takers based on subjective 
opinions coupled with the knowledge of the wind speeds. 

The. captain of the R/V ACANIA also provided his estimate 
of sea states during placement of the sonobuoys. 

Signals from activated sonobuoys were receivec and 
processed by equipment located on a bluff above the beach 


at Fort Ord during the May 1980 experiments, and Dy equipment 


iS 





located on the roof of Spanagel Hall at the Naval Post- 
graduate School campus during the 1981 experiments. Tape 
recordings of the signals from individual buoys were made 
utilizing a Honeywell 5600E tape recorder/reproducer onto 

a 14 channel, one-inch magnetic tape. Certain channels had 
direct recording of signals (which at times were attenuated 
when noise levels were high), FM recording of signals, or 
recording of the horizontal directionality of one sonobuoy 
utilizing a demultiplexer system and creating a cardioid 
receiving pattern, which could be rotated by the operator 
through phase-shift adjustments. A time code was recorded 
on one channel, as well as a voice track dedicated to 
comments by the data takers as the experiments progressed. 
On-line spectrum analysis was made of signals utiliZing a 
Hewlett-Packard 3582A spectrum analyzer, controlled by a 
Hewlett-Packard 9825A Calculator, with plots made on a 
Hewlett-Packard 9862A Calculator Printer. During the 1980 
experiment, a bottom-mounted platform located beyond the 
surf zone was equipped with an cmnidirectional hydrophone, 
a vertically oriented geophone, and a tyve J-ll moving-coil 
M@eeustic projector, and, at certain times, recordings of 
Signals from these instruments were made since tney were 
connected electrically by cables to the shore station. 
During the experiments, comparisons of plots made on-line 
with those from tape playback were made to ensure close 


Boreement existed. A total of 35 reels of tapes of recorded 


16 





data were made - ll from the. 1980 experiments and 24 from 
the 1981 experiments - each. containing approximately one 
hour and fifteen minutes of data on any given channel. 

The major effort in the data analysis conducted so far 
in Ref. [7] has been to examine the horizontal directionality 
of the ambient acoustic noise in Monterey Bay, by noting the 
differences in noise levels for various orientations of the 
cardioid receiving pattern in the on-line data plots. Some 
effort was devoted to analysis of the omnidirectional hydro- 
phone signals. However, all spectral analyses made before 
those made by this author were not corrected for system 
response. Calibrations of several sonobuoys were made for 
omnihydrophone channels only to determine the overall system 
sensitivity from the acoustic pressure sensor to the receiver 
@@epuc. The results of these calibrations were recorded on 
jemee Cartridges of the 9825A calculator or put into a log- 
beer for historical purposes, and were used in the work 


reported here. 


See sePERIMENTAL PROCEDURE DURING DATA ANALYSIS 

The system used to analyze the data recordings is shown 
Mmeumpemoure 2.6. The HP3582A spectrum analyzer, which performs 
a 256-point sampling and Fast-Fourier Transform (FFT) of 
Signals, was used in the "RMS" average mode, where a new 
Spectrum is combined with a partial result on point-by-point 
basis using a root-mean-square (RMS) calculation. The 


averaging results in a smoothing of the noise variations, 





but does not reduce the level of the noise. The number of 
averages normally used was 128, which requires 75 seconds of 
Signal sampling for the 500 Hz scale case, and 68 seconds for 
the 1.0 kHz and 2.5 kHz scale cases (which were the three 
bandwidth cases normally used.) Due to the point sampling 
characteristic of the analyzer, actual ranges for the scales 
memo -520 Hz, 0-1040 Hz, or Q-2560 Hz for the 500 Hz, 1.0 kHz, 
and 2.5 kHz scales respectively. The HANNING passband window 
was used since it provides a better amplitude/frequency 
resolution for general noise measurements. The single- 
channel analysis parameters/specifications for the above 
bandwidth cases and the HANNING window are listed in Table ITI. 

An estimate of what timeframes would be useful for future 
analysis was made by listening to all data recordings, both 
over the loud speaker and from the voice track. The time 
code translator permitted the noting of times during which 
improper sonobuoy operation or contaminating noises, such 
as) DOat noise, would preclude any meaningful interpretation 
of ambient noise. The ancillary test equipment was used to 
make note of relative signal strengths by visual means and 
Merecesting any electronic equipment. 

Only the FM record channels (omnidirecticnal hydrophone 
outputs) were to be analyzed, since a demultiplexer and 
directional listening unit were not available to analyze 
the composite signals with directional information on the 


Girect record channels. Absolute spectrum levels (SL) can 
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Beeaetermined from eq. (1), modified for computer use 
(discussed later) to: 

SL = NL-HS + atten - gain, (3) 
where "NL" is the noise level from the spectrum analyzer 
Mev), HS’ is hydrophone sensitivity (dB re 1V/micro Pa), 
ratten" is attenuation required during recording (dBV), 
Sem is that amount of signal lost during recording as 
determined Dy calibration signals added to "10 log Af" 

(whose value for any given channel or scale is listed in 
Table III), combined to give the absolute spectrum level 
Meeere 1 micro Pa). 

Calibration data from 15 different sonobuoy calibration 
runs made in 1980 and 1981 on "typical" sonobuoys were used 
to obtain average sensitivity levels. Using the "curve 
Fitting" standard pac program for the Hewlett-Packard HP-67 
calculator, a mathematical formula was obtained as a "best 
Fit" approximation to average values for frequency bands of 
0-200 Hz, 201-1000 Hz, 1001-1900 Hz and 1901-2560 Hz. These 
bands were selected because the plot of average levels 
resembled either a linear or logarithmic curve in these 
bands, and “best fit™ numerical values were in excellent 
agreement with average values. The calibration curve that 
was used is seen in Figure 2.7. The curve is a smoothing 
of data points taken every 100 Hz, where values below 50 Hz 
were obtained through extrapolation. These values were used 


in the computer program because performance specifications 


uo 





were not available, nor were sonobuoys calibrated before 
use during the data taking experiments. The limits of the 
laboratory calibration response are considered to be of the 
Same order of magnitude as those for the AN/SSQ-57 sonobuoy 
{ Ref. ll] . which vary from feSce eeseat LOZ coat a5. dB 
eee Hz, to + 3.5 dB at 2500 Hz. 

The computer program also contains a section that calcu- 
lates an overall band level (OBL) for a given frequency 
range based on the selected spectrum scale. These ranges 
were 50-2500 Hz for tne 2.5 kHz scale; 20-1000 Hz for the 
IeOe KHZ scale; and 10-500 Hz for the 500 Hz scale. Also 
calculated are 1/3-octave band levels for various center 
frequencies based on the spectrum scale selected. For the 
500 Hz scale, center frequencies are 125 HZ and 250 Hz; for 
the 1.0 kHz scale, an additional 500 Hz center frequency 
level is calculated; GHOteEteC 2.552, sacai1tional LO00 Hz 
and 2000 Hz center frequency levels are calculated. All 
of these values for band levels are displayed on the 
absolute spectrum plots utilizing a modified form of eq. (2): 


SL, See) al mee 


SBim=—elOelog ( ) 10 ee (4) 
i 


where 


IL. = SL. + 10 log Aé, (5) 
de a 


with "SL," being the “ith spectrum level, and "Af" the band- 
width as determined by the spectrum scale selected (listed 


fae fable IIT.) 
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D. COMPUTER PROGRAM DISCUSSION 

Since the HP 3582A spectrum analyzer performs a 256- 
point sampling and FFT of signals, a unique computer program 
must be used to account for these 256 samples (whose values 
Beeestored in separate “bins" in the computer memory) to 
determine absolute spectrum levels. The basic flow diagram 
of the program is seen in Figure 2.8, and the entire program 
is given as Appendix A. 

Since the HP 9825A computer uses its own unique "HPL" 
language, Appendix B discusses the essential areas of the 
Dasic program and the subroutines. 

When running the program, the user is required to enter 
several values or key information that will be used in 
Semeutation (such as dB values for attenuation and gain) 
and/or will be displayed on the plot (such as spectrum 
eee time, plot comments, station information, and tidal 
Mimeermation.) The most crucial entry that must be made is 
the scale that was used on the HP 3582A analyzer, because 
different values and sections of the program are used by 
the calculator to obtain absolute spectrum levels. The 
scales that can be used by this program are: 500 Haz, 


Smemeridz, Or 2.5 KHz. 
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iol. ANALYSTS OF DATA AND DISCUSSION OF RESULTS 


Although over 100 hours of raw data were recorded for 
the. omnidirectional sonobuoy output signals, many hours of 
the recordings were not useful for data analysis. Reasons 
for this were: (1) some recordings were from free-floating 
sonobuoys whose position could not accurately be determined; 
(2) some of the recordings were made with geophones, or 
Meerees USed in sound propagation tests involving an acoustic 
projector or underwater explosions, and were not really useful 
for this study; (3) in some cases, only one sonobuoy was 
operational so that no comparison of ambient noise levels 
could be made at different ranges from shore; (4) some 
recordings were contaminated by noise from boats, as, for 
example, Curing sonobuoy deployment when ship noise from the 
R/V ACANIA saturated the low frequency part of the spectrum; 
(5) recorded signals indicated that the sonobuoy was not 
Seerating correctly. 

Ambient noise data were categorized into three levels of 
Meer activity based on subjective opinions recorded by the 
@evestigators during the 1980 and 1981 experiments. These 
levels are referred to as "heavy", "moderate", or "low" 

Smee conditions. To support this categorization the informa- 
tion availahle from the California Coastal Data Collecticn 


Program monthly summary reports [{Ref. 12-14] for the Santa 
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Cruz, California "WAVERIDER" accelerometer buoy was used. 
This buoy, used to measure deep water wave energy located 
at 36°53.4 North, 122°04.3' West at a water depth of 70 
meters, was considered to be the most indicative of what 
surf conditions would be like within Monterey Bay. Table 
IV is a summary of significant wave heights and wave energy 
as measured by this buoy at certain times and days in 1980 
and 1981. The subjective categories of surf conditions 
associated with these values are also listed in Table IV. 
(The other time periods given are for plots that will be 
used for data analysis later in this chapter.) A relative 
Beemer ecnergy strength, based on the low surf conditions and 
associated wave energy of April 17, 1981 are listed to 
provide correlation between deep water wave energy strengths 
Peep ooserved surf conditions. 

Comparison of ambient noise levels as a function of range 
from shore were made by using average 1/3-octave band levels 
meee nter frequencies of 125, 250, 500, 1000, and 2000 Hz. 
These. values were obtained from spectra taken at approximately 
ten minute intervals for a 70-90 minute period, during which 
Sur= conditions can be considered to be reasonably constant. 
Memrazing the recorded clock time, sampling for spectral 
analysis was started at the same instant for either two or 
three sonobuoys that were operational at different stations. 
Mmereat plots for each type of surf condition for the 090-2560 
BZ Dandwith, with several 0-1060 Hz bandwidth plots included 


Sor comparison, are shown in Figure 3.1 through Figure BL os 
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maere appear to be reasons to suspect that operation of 
the sonobuoys at station 2 and station 3 during the May 1980 
Beeeraments (Figures 3.1, 3.2 and 3.3) was not normal because 
of the sharp drop off (about 10 dB) of spectrum levels at 
meereximately 600 Hz (station 2) and 800 Hz (station 3). The 
spectrum levels are also up to 10 dB greater at various fre- 
quencies compared to plots taken at low surf conditions in 
Meee (rFigures 3.5 and 3.7). By comparison, wave energies 
differ only by about 30% as can be seen in Table IV. Although 
only two sonobuoys were active during the 1981 data plots, 
further analysis will utilize values for low surf conditions 
meee during both of these timeframes as two separate entities. 

Mespection of these plots reveal several trends: (1) the 
more intense the surf condition, the greater the contribution 
to lower frequency levels (under 800 Hz); (2) for a given 
surf condition, the spectrum levels tend to be lower at lower 
frequencies (under 800 Hz) at greater ranges from shore; (3) 
at higher frequencies (over 1000 Hz), spectrum levels become 
more nearly constant as a function of range for any given 
Smee COnNdition, and at greater ranges from shore, these 
levels may even increase, believed to be due to wind and 
wave noise from the open sea; (4) the greater the surf con- 
Merron, the higher the overall spectrum level of the plot; 
meetow surf condition plots contain low-frequency line 
components (under 500 Hz), believed to be radiated from an 


underwater discharge of a coolant pump at an electrical power 





Peet at Moss Landing, California, about 15 Km north of 
the beach at Fort Ord; (6) high frequency lines (over 2000 
Hz) seen at all surf conditions, are due to biological 
sources, believed to be from dolphins. 

Average band-level values for these three surf conditions 
are summarized in Table V. The values for the center frequen- 
eeecrot 125 Hz, 250 Hz, and 500 Hz were from 0-1030 Hz plots; 
those for 1000 Hz, 2000 Hz, and overall band levels (OBL) were 
meeme0-2560 Hz plots. Figure 3.16 through Figure 3.19 are 
graphs of these values for a given surf condition. Several 
tendencies are indicated by these results: (1) under all 
surf conditions, the lower frequency 1/3-octave band levels 
Meeonz, 250 HZ, and 500 Hz) are greater than the higher 
1/3-octave band levels (1000 Hz and 2000 Hz); (2) lower 
frequency levels tend to decrease at greater ranges from 
Shore, whereas higher frequency levels tend to increase at 
greater ranges from shore; (3) for these surf conditions, the 
500 Hz 1l/3-octave band level tends to be higher than the 250 
meme, >—OCtave band level indicating that the contribution 
from the surf is larger at 500 Hz than at 250 Hz; (4) as 
Surf conditions become greater, the 250 Hz and 500 Hz 1/3- 
octave band levels tend to become greater than that at 125 Hz, 
indicating a masking effect of lower frequency sounds (such 
memtnat or the electric power plant and either near or 
Mestant shippinc); (5) for these surf conditions, the 2000 


HZ 1/3-octave band level tends to be greater chan the 1000 Hz 
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level, with both tending to increase with range from shore, 
indicating a greater contribution from open sea noise. 

BemecOmparison, Figure 3.20 through Figure 3.24 are 
graphs of the average values in Table V of the same 1/3- 
octave band level for various surf conditions. Other 
tendencies, besides those commented on above, can be seen: 
mepetureher indications that the 1980 low surf conditions 
values are unrealistic due to improper sonobuoy operation 
meemsoupported by noting that in Figure 3.21, 3.22 and 3.23, 
levels are higher than the moderate surf condition values; 
(2) in all cases, heavy surf conditions have the highest 
1/3-octave band levels, indicating the contribution surf 
makes to ambient noise; (3) except for the suspected 1980 
low surf condition values, moderate surf levels are greater 
than low surf levels, again indicating the contributions 
Brom the surf to noise levels; (4) the greatest difference 
in values between heavy surf and low surf conditions ie tine 
500 Hz 1/3-octave band level, indicating that surf contribu- 
tions are most significant near frequencies of 500 Hz; (5) 
higher frequency i/3-octave band levels (1000 Hz and 2000 Hz) 
Meter less in value for all surf conditions, and tend to 
m@aerease slightly with range, indicating a lesser contribu- 
ion to ambient noise from the surf and a greater contribu- 
tion from open sea noise. 

MerauGe 3.25 15 a graph of the overall band levels for 


Meee. > KHZ scale plots as listed in Table V. Comparing tne 
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relative deep water wave energy strengths of Table IV to 
Eias Graph (noting that the 1980 low surf condition levels 
are higher than those for moderate surf conditions for two 
of three stations), it is seen that the noise levels at 
moderate ranges increase quite rapidly with increases in 
surf severity and with values for deep water wave energies. 
For example, at a range of 3 Km, there is about an 18 dB 
noise level increase from low to heavy surf conditions 
(1981 values), which corresponds to an intensity ratio of 
about 63, whereas relative wave energy strengths vary only 
meee cactor of five from low to heavy surf conditions. 
Since for these data, increasing surf intensity was also 
associated with higher winds, this indicates that deep 
water wave energy values are not the only indicator of 
noise generation. Very likely other factors must be 
considered in predicting noise arising from surf, such as 
beach bathymetry and phase of the tide, in addition to deep 
water wave energies or wave height at the surf Zone. 

These tendencies give support to the conclusions of 
Mason, et. al. [Ref. 7] that the breaking of waves can 
contribute significantly to the shallow water ambient noise. 
Further analysis of the sonobuoy cardioid output, as well 
as additional data of ambient noise levels as a function of 
range from the beach for a given surf condition, may make 
eeeolelan estimation of the acoustic source level of the 


breaking surf for various surf conditions and associated 





transmission loss beyond the surf zone. Further analysis 
mime Propagation of the sound from the surf zone could 
then be made with the goal of providing a prediction model 


for ambient noise levels due to this pnenomenon. 
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TABLE II 


HP-3582A SPECTRUM ANALYZER-SINGLE CHANNEL 
ANALYSIS AND HANNING PASSBAND WINDOW - 
PORE te Roy SPECIFICATIONS 


FREQ 
SPAN 


5ba0 Hz 
Pe KHZ 


Ze KHZ 


For HANNING passband 


TIME 
RECORD 
LENGTH 
500 msec 


250 msec 


100 msec 


3 dB Bandwidth: 


Shape factor: 


Overall Accuracy: 


CALCULATED HANNING 


FORT EQUIV 
SPACING NOISE BW 
20712 S70 Om Zz 
4 H2 GeO Oee Z 

VO EZ ee Z 


only: 
Oeics Ge 5 Ole opal 


[(60 4B b.w.)/(3 GB b.w.)]: 
9.1 + .2 


-1.5 dB + 0.5 GB 
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COMPUTER PROGRAM ATTENUATION AND GAIN VALUES 
BY TAPE RECORDER CHANNEL AND ANALYZER SCALE 
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i 23.5 iS 
2 Zo a) lee 
5 23 wo a 
4 Boe eG 

1981 Values 

1 23a hee 
2 ZOO ES 
5 Zor abelieeis 
4 Zone Areas 


OM icH Zz 


Z 


7 


ee 


oe) 


500 Hz 





“onTeBaA Tg ady ZT syd JO ASIOUD OAEM ST T DAOYM OTROS WO paseq SYIUdIAIS 9ATI ELOY 


(og ady 9T) 





T OO? C-SV6T 

S CSOI-TU8I 

v OE 6C-2.L.Le 

ce 1 VISI-Sv7T 
y2s8ud11S (TeI07]) sowty, 
3 OACM v sTsSATeuy 
DATIETOY eyed 


(S24) poods 


"¢ azoqdey) noysnorzy. possndstp viep AOJ o1e sow? StskTvue vyeq - Pp 


“(TR6T) elep nesing ddTAIOS ToyWeoM “S'f] 10 
(OR6GT) YoRoq pag WOY 2k JFJNTQ pue erurdsy A/Yy Uo SLOJoOWOWOURr UO posrqg pasads - ¢ 


*SsLoyr} eiep jo suotutdo oat 9DEefqns uo poseg A10d9Ie7 - Z 


“Solty stskTeue e.ep 02 YsSoIv9dU sot. Ie [ FI-z7I “Jal 
AON LIZONMUIOLITIIVE WAFTATUAAVM, ZNIQ eQueS OY? WOTF syZUdWOINsPOM OAPM 192eM dao - | 


01-8 MO} T'°z18 
So-OF Ane oH 6° 8tOp 
S7-02 91 E.LOPON €°S87ce 
9-P MO] S°OSTT 


4 C 


uotatpuoy | 
yans 


PputM 
po.euwtisy 


DARM 





7 Arodoiey) (wo) Ad19Ug 


O°rTT 


S° Sc 


UNE 


Saret 





(md) IYs TOT 
DALM 
queITFTUsTts 


T 


NOSTYUWdWOO GNW SLNYWAHYNSVEN ddaddsS ANIM 


GNWY ‘AuNNS ‘“SAVM UALYM dad 


AT daTawvs 


> SHLON 


9020/18 Idv LT 
G11ic/1e fei 
SOTZ/08 AW 77 


R0ST/08 APN IZ 


1 (7e9017) 


OWT |, /97 RG 





TABLE V 


AVERAGE ONE-THIRD OCTAVE BAND LEVELS (IN dB 
re 1 micro Pa) AND OVERALL BAND LEVELS (OBL) - 
FOR THE 2.5 kHz ANALYZER SCALE 


Bev OURE CONDITION (1841-1952 on 27 Mar 1981) 


1/3-OCTAVE 
CENTER SrtA E STA D Sarr 
PREQUENCY (Hz) Ze eK) (4.35 Km) (8.44 Km) 
a2 5 TOG. 6 fe OA DOwo 
E> 0 ie Ole S 104.7 HO Ore 
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MODERATE SURF CONDITION (2112-2230 on 22 MAY 1980) 
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2000. 90.6 91.9 S25 85.8 87.6 
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APPENDIX A 


COMPUTER PROGRAM 


Benogranr to plot surf noise spectrum allowing for": 
"system response corrections": 

pee 256], Bi256], C${[128], IS[20], DS[60], WS[34] ,B,D 
dim G[256}, P[256] 

Pepmeert You see *'*""-press""CONTINUE"” *";beep;stp 
Meo HP3582A plot or tape plot? *" beep; stp 
ent "Set O0= HP3582A or i= tape",r0;beep 

meee O=O;jmp 6 

ent "What track has data?",Q;beep 

ent “What file has data?",R;beep 

ee © 

ioe | *|,8([*|,CS,1$,D$ ,WS,B,D 

gto 49 

Semechannel A or B? Set 0=A or 1=B",rl;beep 

ent "DTG data spectrum started=?",I$;beep 

mae 7lL,"LSP" 

red 711,D 

meerl=l;jmp 4 

mee 711,"LAS" 

red 711,B 

pimp 3 

wae 711,"°LBS" 

mea /11,B8 

meet 711i, "LAN" 

mead 711,C$ 

wee 7L1,"LDS" 

red 711 

eee i=l to 256 

meq /31,A[T] 

mexe L 

dsp “Want to store and plot data? *";stp ;beep 
ent "Decide! Enter O=No or l1=Yes",r2;beep 

me r2=O0;gqto 4 

ent "Station number =? ,WS[1,3];beep 

ent "Range from beach (km) =?",WS[4,7];beep 

ent "Hydrophone depth (meters) =?",W$[8,11];5eep 
Smee Current tide =?",WS[12,16];beep 

ent "Nearest high tide time=?,WS[17,20];beep 

ent "Nearest low tide time =?",WS[21,24];beep 

Seem Attenuation required (dB) =?",W$S/[25,29];beep 
ent “Instrument gain noted (€B) =?",WS[30,34];beep 
ent "Comments for this plot =?",D$;beep 

ent "Data to be stored on track =?",T;beep 

ame Batascte be stored on file =?",F;beep 

ia 

Pee een |*],8(*],CS,1$,D$S,WS,B,D 





dsp "Make sure paper in plotter! ese. | beeD 
foie L 

ldf F,A[*],B[*],CS,I$,D$,WS,B,D 

@ep “Want a plot of raw data? *"-stp ;beep 
ent “Raw data plot? O=No or l=Yes",r4;beep 

if r4=0;jmp 7 


B>U 

B-80>L 

8>M 

LO+N 

See cub 1" 
gsb esd os 


dsp "Now a plot with sys response? *";beep;stp 
dsp "If you are=- check your paper! *";beep;stp 
ent "Corrected plot? 0O=No or 1=Yes",r5;beep 
if r5=0;gto 4 

Br lLQO>U 

B+20-L 

8>M 

1LO+N 

Siem Scale? 500, 1000, or 2500Hz2? *":beep;:stp 
ent "Set 0= 500, 1=1000, or 2=2500HzZ",:+6;beep 
aoe) “sub L" 

me ro=O0;gsb “Sub 3" 

me to-legsb “Sub 4" 

meet o=2-7CSb “Sub 5" 

gsb “Sub 6" 

Mmeeto=0;qsb "Sub 7" 

meero=l;gsb “Sub 8" 

memto—-2<;gsd "Sub 9" 

dsp "Plot'sdone- whatcha think? ‘OCD Sto 
Seema CONTINUE *"if doing more!" ;beep;stp 
wet 711i 

gto 4 

end 

Pomp 1": 

mete —25,280,L-6,U0+2 

eet 0,L,1 

mor £=1 to 10 

Bie 2Zol,L,2 

ete 252,L4+(U-L) /150,,2 

meee 251L,4,2 

mest. I 

Bene 256,4,2;pen 

eee O,L,1 

mor f=l1 to M 

nee i 3 

pee 0,23, 2 

ee i.7,r3,2 

meet O0,1r3, 2 

wet «L 

Or 
ee 


1 
a 


rr 


i Qn 2G 
25 Bee 


68 





147: 
148; 
149; 
m50: 
is] : 


ples 2o1,,r3—-(U-L) /150,2 

pee col ,r3, 2 

mest I 

pee 256,r3,2 

for I=M to l by -l 
N(I-1L)+L>r3 

mepte 20 ,r3,2 

eben 254 .3,xr3,2 

peel 56 ,r3,2 

next I;pen 

fea 0 

oeez 1.2,1,.75 

mem L=l1 to 6 

meee 0 (1T-1)-10,L-2,1 

ioe (L—-1)D/5 

next I 

pee 90 ,L-35,1 

ele frequency (hz) ";pen 
ces 

moo 2": 

mrad, 1 

peeee —21,L+12,1 

@emez 1.2,1,.75,90 

merc =lsjmp 3 

Boa spectrum level (db re 1 micro pa)" 
Bin! 2 

meme bevel ain’ ,1.5D/250," hz bands (db re 1 v)" 
@ama 1.2,1,.75 

meet O 

Bor i=M+1 to 1 by -L 

meee —-18,10(1-1)+L,L 

lbl 10(I1-1) +L 

next I 

eee 6,.96(U-L)+L,1 

foie cs [1,32] 

meee 3,0;lb1i I$[1,20] 

meee o ,.93(U-L)+L,1 

mo eS (97,128 | 

memeo—i-rxa Leeplt 2,0;lbl "oa level=",A," db" 
pee 0,A[1| 

mer f=1 to 255 

elt 1,A(r] 

oat, { ,A{I+l | 

mex I 

fim 256,A[256];pen 

pee o,.2(U-L)+L,1 

fobs comments on plot= ",D$ 
Pht o,.38/(U-L)+L,1 
Peeeesta— »wo[l,3|, “hyd dep= ",WS[8,11],"m" 


cplt 2,0;lbl "near hi= ",W$[17,20]," attn= ",w$[25,29],"db" 


pec). 84 (U-1L) +L,1 
Ibl "rng= ",WS[4,7]," km tide= ",W$[12,16] 


SeomcmeeO fbi near Lo==,ws[21,24|," gain=",WS 30,22, 
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fe 3 tt 
db";pen 





fees ret 

mo. 86'ShUb CUS": 

ieee: fxd 8 

fo: 48 O-K 

156: for K=l1 to 100 

moge 161.36-10.631ln(2K) -B[K] 
fess next K 

Mees ror K=l0l to 256 

Moe) 135.29-5.721n(2K) -B[K] 
Mees next K 


Mee: ret 

fee: 8 46|6'Sub U4": 
mess fxd 8 
mo. 0>-K 


[ees cor K=l to 50 

moe 161.36-10.631n(4K)-B[K] 
168: next K 

Meee fOr K=5l to 256 

Meee 1 35.29-5.721n(4K) +B [K] 
l7il: next K 


ee. ret 

[eee «6h OUD COO": 
|) I apo Rs) 
ioe |= > K. 


ioe for K=l to 20 

ieee «L61.36-10.631n(10K) +B[K] 
iyo: next K 

Mere tor K=21 to L105 

fee 135.29-5.721n(10K) >B[K] 
mere} 86next K 

meme Lor K=106 to 190 

M83: 94.62+.0009125(10K)-B[K] 
184: next K 

moe fOr K=191 to 256 

186: 17.65+10.431n(10K)-B[K] 
meee next K 

moo: ret 

meee 86"'Sub 6": 

moe 6fOr «6G=1 «to [6256 

P9T: Al[I]+B[T]+tval(ws [25 ,29])-val(WS [30,34]-A[T] 
meee 8606Lnext «IT 

moe 3 862O-A 

mee «for J=6 to 251 

mS: tn (A[J]/10)+-G[T] 

196: Gli[J]+ A-A 

mes next J 

Mee |6it C6r6=0;4.8-H 

mee} 6if 6r6=1;7.8-H 

Meee Clif UY6=2;11.8-H 

meee LOlog(A)+H7A 

fee 86gsb “Sub 2" 

Peo: ret 
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204; 


Smile. 7" 

fxd 8 

0-E 

Q0-S 

Q+V 

for E=58 to 68 
am (Af EF} /10)—Pf &] 
P[ E] +S+S 

next E 
mOLOg(S)+4.8-+S 
Bete s-li6 to 316 
tn* (A[ E] /10)-P[ E] 
P[ E] +V-Vv 

next & 
L0log(V) +4. 8-+V 
mea 1 

mieewo, SL (U—-L) +L, 1 
Peel S=omi (dd): 125hz=",S,° 250hz=",V 
ret 

moub 8": 

exa 3 

Q-E 

QO-+S 

Q-V 

Q+W 

mere E—30 to 35 
tn* (A[E] /10)+P[E] 
P[E]+S-+S 

next E 

moog (S)+/.8+S 
for H=59 to 69 
tn*(A[E] /10) +P[E] 
P[E]+ V-+V 

next & 

LOlog (V)+7.8+V 
BOENE=—LL6 to 316 
eae (Alb |/10)>P(E] 
P[E]+ W-W 

next £& 

LOlog (W) +7. 8->W 
axa | 

eeew Onno. (U—1;)41,, 1 


Pot yo -ODlndD): 125hz=",5," 250hz=",V," £00hz=",W 


ret 

Sowing: 

Excl s 

O-+E 

Q+S 

OV 

O—W 

sk 

OY 

PoOree— oe 1 


~J 
a 





257: 
258: 
eo : 
260: 
Bol : 
262: 
Zo3: 
264: 
205: 


Za /: 
268: 
eo’: 
E70: 
B71: 
E22: 
Bd3: 
274: 
Z75: 
Zo : 
E7/: 
2738: 
Zio: 
230: 
Zol: 
yo 2: 
263: 
284: 
Eco : 
286: 


em (AE) /10)>P [E } 
P[E]+S-S 

next £§ 

mibog¢s) +Ll.8-s 
mer B=24 to 28 
Eee (AlE}]/10)>P [5] 
P[E]+V-+V 

next E 

lQlog(V) +11.8-V 
meme 5=—4/7 £0 55 
tn“ (A[E]/10) +P[E] 
P[E]+W-w 

next §& 

lO log (W) +11.8-W 
mor B=93 to Lol 
em (A/E)]/10)>P(E} 
P[E]+X>xX 

next E 
moog (xX) +11.38>xX 
poe B=—1385 to 217 
tn* (A[E]/10)>+P[E] 
P[E]+Y-yY 

next E£ 
malog(Y)+11.8-yY 
cL 

eee 6,.81(U-L) +L,1 


lbl "1/3-obl (db): 125hz=",S," 250hz=",V," 500hz=",W 


eee 61,.78(U—-L)+L,1 
moe MOt@m2z—".<," 2000hz=",Y 
ret 


eee 





Pee bi eB. 


COMPUTER PROGRAM EXPLANATION 


The following ts a breakdown of important sections of the 


computer program given in Appendix A, for use with the HP 9825A 


Calculator. The first numbers given refer to line number of 


the program, and numbers in parenthesis that follow the dis- 


cussion are the limit on the number of characters that can be 


Brmeered into the calculator for that Line: 


13: 


14: 


mo—29: 


32: 


Ee 2 


B5: 


Pueogmam title; 

dimensioning variables; 

informs program user that everytime a "*" is seen 
at the end of the computer display, the "CONTINUE" 
key must be pressed; 

determines computer spectrum input from the HP 3582A 
analyzer ("HP3582A") or recorded tape cartridge 
("tape") data; 

enter the input channel used on analyzer (1); 

enter the day-time-group ("DTG") the spectrum 

was started (20); 

calculator "talks" to the analyzer and records 
MMeksoLay 1tems 1m memory ; 

determines if data will be stored and plotted; 

enter the sonobuoy station number (3); 

enter the station range from shore in kilometers (4); 
enter the depth of the hydrophone at the above 


Seaton tna meters (4); 


ie 





Bo; 


By: 


38: 


Eo: 


4Q: 


a. 


ee 


42: 


43: 


44-45; 


46-42: 


cieete ene, Current tidak Gandition when the 

spectrum started (4); 

flit ommetennieCarest time of a High Eide swith respect 
to when the. spectrum started (4); 

enter the nearest time of a low tide with respect 
to when the spectrum started (4); 

enter the "attenuation" required (dB) from Table III 
Dbased on the taperecorder channel inputed to the 
analyzer (5) ; 

Sitemmrne tOtal “gain” required (dB) from Table III 
based on taperecorder channel inputted to the 
analyzer and the analyzer scale selected (5); 

enter comments for the plot (usually noting the 
moe sSurE COonaltion) (60) ; 

enter the track onto which raw spectrum data will 
pe weeenaed (only a "0" or "1"); 

enter the file number onto which the raw spectrum 
data will be recorded (with no changes to this 
SPLedgeanmeto Chis point, asmemory size of at least 
4386 bytes is required) (2); 

records the spectrum and data from steps 15-41; 
pauses the program to remind user to have paper on 
the plotter and then loads the data just recorded 
MaSOmanemecalculator Ton further manipulation; 
allows for a nlot to be made of only the raw 
Seeemmmaata Without connections for system 
meeeonsesor Calculation of Dand levels; 
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@oeoa:; allows for a corrected plot of the raw spectrum 
data just plotted, and if not desired, returns 
Piemomeocaram co Line 4 (only the 2.5 KHz, 1.0 kHz, 
or 500 Hz scales can be used on the analyzer for 
corrected system response plots); 

66-/9: allows for a plot corrected for system response 
when a raw data plot was not desired - to continue 
taking data, the "CONTINUE" key is pressed, the 
program returns to line 4, and the analyzer can 
accept a new input signal (end of main program). 

The suhroutines of this program are extremely important, 

meee perrorming a critical function or calculation leading 
to the final result of a plot corrected for system response. 
The subroutines are numbered "Sub 1" to "Sub 9", anda 
description of each follows: 

"Subl": sets the scale of the plot to be made based on 
the analyzer scale selected, traces the boarder 
that will surround the plot, and labels the 
Neptigontal astis (' FREOUENCY (HZ) ") before 
returning to the main program; 

Meub2":- labels the vertical axis (dB levels corresponding 
to the type plot selected) and prints five to 
seven lines at the top of “the plot as follows 
(nc=zcating trom which line of the main program 


ac Infrormaticn comes) : 


~ 


Ui 





ist line - channel input to analyzer, full scale 


2nd line 


3rd line 


channel tnput sensitivity, and analyzer 
scale (23-24); day-time-group the 
spectrum started (14); 

number of averages used and bandwidth 
based on analyzer scale (23-24); 
overall band level of the spectrum 
calculated in "Sub6" (the final value 
is obtained from line 201) - not 
calculated for "raw data” plots; 


SoMmmomesm en plo ts.) : 


4th line - buoy station number (33); hydrophone 


5th line - 


6th Line 


depth (35); nearest time of high tide 
(37); "attenuation" used during 
Peco me die, eo Qe: 

range from shore to buoy station (34); 
tide condition when plot started (36) ; 
nearest time of low tide (38); "gain" 
required based on tape channel and 
anatyzer scale (40) - 

1/3~-octave band levels, calculated 
from subroutanes “Sub7", “Subs”, or 
"Sub9" for center frequencies of 125 Hz 
Cees ean 5 0 ize els) for 500° Hz 
Peale "oub7'), £or center Etrecquencies 


Cee ome eee Sonor 260), 250 Hz (232 


7Q 





OmmecG 5s), ama SOmnz (436or 265) for 
the 1.0 kHz scale ("Sub8") or the 
2teeesteeecale ("Supoei (not caleulated 
EOrweraw data DlOtS)-> 

aoneelwie: — /S5-Ooctavye band levels for only the 
Zo Kieusecale plots Lom center, fre— 
quencies of 1000 Hz (275) and 2000 Hz 
(280) (not calculated for "raw data" 
plots le: 

Subroutines "Sub3", "“Sub4", and "Sub5" calculated hydro- 
phone sensitivity levels, based on the analyzer scale selected, 
to be used in calculation of absolute levels for each of the 
256 bins of the analyzer: 

"Sub3": 500HZ2 scale hydrophone sensitivity levels; 

"Sub4": 1.0 kHz scale nydrophone sensitivity levels; 

"Sub5": 2.5 KHz scale hydrophone sensitivity levels. 

Subroutine fousons1s the major calculation portion of the 
ierlLe program, utilizing eq. (3) and assigning each of the 256 
bins a value for absolute spectrum levels. This calculation 
is the reason a 2-3 second pause is noted during plotter 
Operation after the horizontal axis is labeled ("FREQUENCY 
mia) ): 

"Sub": calculates absolute spectrum levels and assigns 

walues to 256 bins (191)> calculates overall 
bemeomlevels te: correctee plots” based on 


analyzer scale selectec (201); 
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S@oeeutines  Sub7", “Subs”, and “"SubQ" calculate fydro- 


phone sensitivity levels based on the analyzer scale selected 


merase in ‘Sub6" calculations and plot display via "Sub2". 


(The levels are calculated as positive values to be added to 


other values 


subtracted): 


i] Sip / ve : 
"Subs": 
"Sub9 iy : 


in eq. (3) vice negative values that would be 


calculates 1/3-octave. band levels for the 500 Hz 
amalywzer scale for center frequencies of 125 Hz 
(abana 250 Ha° (218); 

calculates 1/3-octave band levels for the 1.0 kHz 
analyzer scale for center frequencies of 125 Hz 
252m) O Hz (238), and 500 Hz (243); 

calculates 1/3-octave band levels for the 2.5 kHz 
analyzer scale. for center frequencies of 125 Hz 
eiccnmmee oO 12. (265), 500 Hz 270), LOQ0 Hz (275), 


SrcmeGOmAs (260 )r. 
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